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Abstract 

, We study pK~ scattering in the energy range from threshold through the A(1520) peak in UBChPT, 

taking into account 0{q) vertices from meson-baryon contact interactions and s- and u-channel ground- 
state baryon exchange, s- and u-channel decuplet- and nonet-baryon exchange and t-channel vector- 
meson exchange, as well as 0{q^) flavor-breaking vertices. Detailed fits to data are presented, including a 
• substantial body of differential cross-section data with meson momentum giab > 300 MeV not considered 

in previous treatments. 

^ ; 1 Introduction 
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The low energy dynamics of hadrons is succesfully described by Chiral Perturbation Theory (ChPT), the 
^ . effective field theory of meson interactions (see, for example, [IHS] for recent reviews and [4,5^ for textbook 

' expositions). The effective chiral framework can also be extended to the one- baryon sector, where a fully 

. relativistic Baryon Chiral Perturbation Theory (BChPT) has been formulated, describing baryon interactions 

\l ' at low energies (recent reviews are given in [5115]). The domain of applicability of BChPT is limited to energies 

near the reaction threshold at which meson momenta are much smaller than the chiral symmetry breaking 
04 ' scale. In the case of NK scattering, however, the strong coupling among the different open channels renders 

. the theory inapplicable even at threshold. 

Those limitations of BChPT have motivated the introduction of unitarization techniques to extend its 
phenomenological scope to higher energies in Ntt and NK~^ processes, and to the S = —1 sector. Unitary 
coupled-channels techniques based on Lippmann-Schwinger or Bethe-Salpeter equations have been succes- 
fully applied to the study of NK and other meson-baryon processes, even at relatively high energies [7HT1]. 
' A unitarization method dealing directly with the chiral effective theory T-matrix was introduced in [T5l[16] , 

drawing elements from the N/D method of [17] and from analogous approaches in the meson sector [T8HT9] . 
This Unitary Baryon Chiral Perturbation Theory (UBChPT) has been shown to give good descriptions of 
cross-section data in NK processes [T6 1I20H22] . and in Nw scattering beyond the A resonance peak [151123). 

In this paper we study pK~ scattering in the energy range from threshold through the A(1520) peak, 
corresponding to laboratory-frame incident-meson momentum < giab ^ 600 MeV, in UBChPT. Specifi- 
cally, with tree- level BChPT partial waves as input for the unitarization approach of [T5l[T6], we obtain the 
unitarized partial waves needed to compute physical observables such as total and differential cross sections 
and spin asymmetries, subsequently fit to experimental data. We take into account in our tree-level am- 
plitudes 0{q) verticeq^ from meson-baryon contact interactions and s- and u-channel ground-state baryon 
exchange, s- and u-channel decuplet- and nonet-baryon exchange and t-channel vector-meson exchange, as 
well as 0{q^) flavor-breaking vertices. We include S, P and D partial waves in our computations, the con- 
tribution from F and higher waves being negligibly small at the energies considered here. A global fit to 
pK^ data over a similar energy range, also including Nit and pK^ data, was carried out in [131 the uni- 
tarization framework of the Bethe-Salpeter equation. Unlike [13], however, we explicitly take into account 
vector-meson exchange, whose contribution is expected to be significant in this context and, as discussed 
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^ 0{q") denotes a generic quantity of chiral order n, with q a nominally small quantity such as a meson momentum or mass. 
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below, plays a crucial role in the fits to data presented here. Furthermore, we include in our fits a substantial 
body of differential cross-section data with meson momentum giab > 300 MeV not considered in previous 
chiral-theoretic treatments. 

There is by now overwhelming evidence that the nonets ofJ''^ = l/2~ and 3 /2 ^ baryon resonances [24] are 
generated by chiral coupled-channels dynamics. The resonance A(1405) has been shown to be dynamically 
generated in [ini[l3l[T6j|2T] . Similarly, the resonances A(1670) and 11(1620) are dynamically generated in 
UBChPT in p2j[25l[26|. Further examples of the description of nonet baryons as dynamical resonances are 
iV(1520) [26, 2;^, 7V(1535) [8,27,28,, A(1520) 26 . There is a profuse literature on dynamical generation of 
resonances in UBChPT that we cannot describe in detail here; recent reviews are given in [29H3T| . It should 
be mentioned that a "static," quark- level component of the l/2~ and 3/2 ~ baryon nonets cannot be ruled 
out at present. In fact, the existence of such a static component has been advocated, e.g., in [32] in the case 
of A'^(1535) and in [53] for A(1520). In this paper we treat the 3/2~ baryon nonet as static, described by an 
explicit field in the chiral Lagrangian, whereas the l/2~ nonet is dynamically generated. We remark that no 
global fit to pK~^ scattering data including a dynamic 3/2~ baryon nonet has been given yet. We consider 
the present treatment a necessary previous step. 

The paper is organized as follows. In sect. [2] we discuss the computation of tree-level amplitudes for 
baryon-meson scattering in BChPT and their associated partial waves, providing explicit expressions for 
those amplitudes and partial waves that have not been given in the previous literature. In sect. [3] we briefly 
discuss the unitarization procedure [TSJd^ applied in UBChPT. Our results are presented in sect. [H where 
we describe our fitting procedure and best-fit parameters, and detailedly confront computed observables 
with experimental data. Sect. [5] contains some final remarks. We gather technical material, needed in sect. 
[51 in the appendices at the end of the paper. 



2 Tree-level partial waves 

The ground-state meson and baryon octets are described by standard [5] traceless 3x3 complex matrix 
fields (f> and i3, resp., with cj) hermitian. We use the physical fiavor basis 

(1) 

where A" are SU(3) Cell-Mann matrices. The SU{?>) algebra in this basis is described in sect. 2 of |23| . 
Defining the T-matrix as 5* = / -I- z(27r)'*(5(P/ — Pi)T, the scattering amplitudes are given by T-matrix 

elements ^i^i{s, u; a, cr') = {Ba' {p' , a'')Mb' {q')\T\B°'{p, (j)M^{q)) as functions of the Mandelstam invariants 

s = {p + q)^, u = [p ~ q'Y and the spin variables. The centcr-of-mass frame (CMF) partial waves fi±^ 
corresponding to j = ^± 1/2 are defined as, 

oo 

i=o^^ ' (2) 

+ * [hf,.,. fi-\,,) P'S-p)x'l. ■ {ff■{p^^^))x.] , 

with p • J? = cos ^CM, Pi and P^' the Legendre polynomial of order I and its derivative, and x<ti x'a' 2" 
component spinors for the initial and final baryon, resp. 

2.1 Partial waves from octet-baryon exchange 

The Lagrangian of fully relativistic Baryon Chiral Perturbation Theory (BChPT) is written as a sum C = 
Cm + Cmb of a purely mesonic Lagrangian Lm and a meson-baryon one Cmb- The mesonic Lagrangian 
to 0(9^) was first obtained in [331|3S]. The meson-baryon Lagrangian Cmb bas been given to 0{q^) in the 
three-flavor case in ^36] (see also [37H39] ). and in [40] for two flavors. The tree- level amplitudes from C for 
meson-baryon scattering have been given in [TB] (see also [3D1I3T]). The associated CM- frame partial waves 
have been given in full detail in 23_ . so there is no need to repeat them here. We emphasize that the partial 
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waves of [231 . as well as those given below, are valid only within the physical region for the process being 
considered, away from which appropriate analytic continuation is necessary. 



2.2 Partial waves from decuplet-baryon exchange 

For decuplet-baryon exchange diagrams at tree level, our starting point is the relativistic Lagrangian for 
A-A'^-TT interaction from [42] (see also, e.g., [43H45] V At leading chiral order the transition from two to 
three flavors amounts to inserting in the amplitudes the flavor factors for the coupling of two octets and a 
decuplet. The tree-level scattering amplitudes so obtained differ from those for Nn scattering [15] only in 
their flavor coefficients. The CMF partial waves for tree-level s-channel decuplet exchange given in [23] are 
used here without modification. We discuss here u-channel decuplet-baryon exchange, which was not given 
explicitly in [23], and below similar results are presented for s- and u-channel nonet-baryon and t-channel 
vector-meson exchange amplitudes. 

The tree-level contribution of w-channel decuplet exchange to the T-niatrix can be parameterized as, 

T- ab _ 9 2 (-D + FY ^a' b'C _, /f^ ab , p ab , \ /o\ 

/(«,doc) - g5l0 -p y_ ^2 +i0" V a'b'C + ^ (".doc)l a'b'cP^) " ' ^'^^ 

where gio is a coupling constant allowing for departures from the SU(6) symmetric case giQ = 1, and u and 
u' are the Dirac spinors for the initial and final baryon. The flavor coefficients attached to each vertex in 
^ are given by, 

S^,''^ ^ -e.umil3l)ijil3'')mk{Tc)ijk , 5"^,^ = -ej/m(/3")j;(/3fc/)fem(Tb)jjfc , (4) 

with repeated indices i, j, . . . , summed from 1 to 3, and the matrices /? from ([1]). Tc in (j4|) are a standard 
basis for the decuplet representation space (as given, e.g., in eq. (9) of 46 ). In order to fully specify the 
reduced amplitudes in ^ we expand them as, 

p ab ^ ab . ^ ab . ^ ab 2 , ab , /r\ 

i(«,doc)0 a'b'C - -L (u,dcc)0.0 a'b'C + ^ («,doc)0.1 ^'fe'C " + ^ (".doc)0.2 a'b'C " + ^ («,doc)0.3 a'b'C^' 

with the coefficients on the r.h.s. independent of u and t, and similarly Fj^ (joc)i°^a'f,'c- This expansion is 
also needed to compute the partial waves associated to the amplitude ([3]). Explicit calculation yields, 

r(„,doc)0.o''''a'b'c = -^("^a'TOfe + mafhl,){l - k) + ^ (™a' + "^q)(1 + 2k) 

+ ^{mainl, + mlma'){l + 2k^) + ^{nia'ml, + niaml) 

+ -^(1 ^ 2k + 4^2) (to^' + mama' + rn^) + ^^{ml, + ml) 

I / ~2 / 2 ~2\ , ~2i 2 ~2 \ I / 2 I 2 ~2 ~2\ 

6Mc ('"a' - ™6 ) + ™6 (™a - ) + ma' ma (TOa' + TO„ - TOb' - TO;, ) 

(ma TOa' ) {m\ - ml, ) {m\, - ml) , 



6M2 



r(„,dec)0.1°''a'b'C ^^(™«' +™a)(l + 2k) " ( ^ ^ 2k + 4:k'^) - (™h' + ^l) 

+ ^("^a' + ml)>iil - 2k) - ^(1 - 2k + 4k2) + ^ [{ma'iml, - ml) 

+ ma{ml - fhl,)^ (1 - 2k) + mama'{ma + ma'){l - 4:K^) ~ {ma'rhl, + mafhl) 
^ 2 1 

F/-,, Hor'in 9° ','^ = 't(l — 2k) ^(1 — 2K)(m„ -f mn') , 

(M,docJU.2 abC 3^^p ^ > QM^, A a I a;, 

r(„,dec)0.3''''a'b'c ^ + '^^a' + ^^c) , 



(6a) 
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and 



- —^{"nia' + ma){l - 2k + Ak^) + j7^iml,ma' + mlma - mairil, - mlma') 
6 bMc 

I 1 /~2~2 ~2 2 ~2 2 I 2 2 \ 

'"^ 2 1 

r(u,dec)i.i'' = 3'^(1 - k) + + "^a')(l - 4k + 8k^) (6b) 

-I ^ [(toj + ml, - ml- ml,){l - 2k) + mama'Ati^] , 



6M^ 



Y ab 



6M^ 
1 

2 ■ 



In this equation n = Z+1/2, with Z the off-shell parameter entering the Lagrangian for the Rarita-Schwinger 
decuplet fieldH With these coefficients the amplitude ([3]) is completely specified. From ([3]) it is immediate 
that partial waves for w-channel decuplet exchange take the form 



„ ab _ 9 2 (-P + „ b ^.a 7 ab /„x 

/(u,doc)£± a'b' — q9w p 2^ a' C'^ b'C J i^Acc)t± a'b'C' ^' > 

In order to express the reduced partial waves f(u,dcc)i±'^^i^'fj' in terms of the coefficients (|6ap . (|6bp . we need 
to introduce some further notation. We define, 

r(u,dec)±.2 a'b'C -^(u,dec)0.i ab'C ^^/~^^ {u,dcc)l.i a'b'C ' ^ 0, . . . , 3 , (8) 

and ^ 

A/" = + ma\Jv^ + TOa' ^^^^ = ■^^-j=\J {^/s - maY -rhl\J {^/s - ma')^ - ml, . (9) 

Notice that Af depends on flavor indices through baryon and meson masses. Its dependence, like that of (u) 
and Am defined in appendix |X1 is not made explicit in the notation . The reduced partial waves of © are 
then, omitting flavor indices for simplicity, 

/(«,doc)£+ ^ Hi - Y^-^Kt , /(„,doc)f- ^ Hi + jKi , (10a) 

with 

3 _ Au ^ - Am ^ - 

Hi = A/'^f(^,_doc) + .i/i+^i - -^X!^(".dcc)-.i^-^i : Ki = --^ („^dcc)-.ifci^.''i ■ (10b) 

1=0 i=0 i=0 

The integrals k']^\, which like (j(,(.)±.i depend on a, h, a' , 6', C, are defined in appendix [Bl 



2.3 Partial waves from nonet-baryon exchange 

We consider the exchange of nonet baryon resonances with = 3/2~, whose mostly-singlet member 
A(1520) features prominently in pK~ scattering cross sections. We describe these resonances as a nonet of 
Rarita-Schwinger fields. No, N = '^1 "s/^^a=i^aP°' , with the same flavor- matrix representation for N as 
for the ground-state baryon octet [23]. These fields are taken to be mass eigenstates, with Mo = A(1520), 
A/i,2,3 = S(1620)+ -'O, A^4,6 = iV(1520)+'°, A/'sj = 2(1820)-'°, A^g = A(1690). Thus, their interaction 

■^The parameter Z has been shown to be redundant in |47| . A formulation without off-shell parameter is given, e.g., in i45l . 
We retain the formulation with an off-shell parameter here, to make use of the results of |15II16I[23] . 
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Lagrangian must take into account the mixing of singlet and octet components of A/q^s, but their tree-level 
propagator is diagonal. For each Ma^ its free propagator has the same form as for each member of the 
decuplet (see, e.g., eq. (3.8) of [H]). 

The interaction vertices for nonet and octet baryons and pseudoscalar mesons are described by a La- 
grangian with the same Lorentz structure as the Lagrangian for decuplet baryons (except for an additional 
75 due to the opposite intrinsic parity of nonet and decuplet), and with the same flavor structure as the 
Lagrangian for ground-state baryons and mesons, augmented by A/q-As mixing. Explicitly 



h=l 



(8) d 



+ sin6'J"(8)''/9''(/)c-B {9p,v - i^9ltJ.lu)l5^o + cos6DaTv{d>'(l)cB ){g^„ - Kgj^,-f^)-f5Afo (u) 
- sin0i5oTr(a^0,S'')(g^, - K9j^j,)j5K + ^-C , 



which establishes the definition of our coupling constants and mixing parameter. In Z?Oj ^8 and 
are the singlet, and the D- and F-type octet, couplings, resp., and 9 is the nonet mixing angle. It is also 
apparent in £nnt that we are using the same off-shell parameter Kg for both singlet and octet fields |13j . 
While there is to our knowledge no reason why those parameters should be precisely equal, we have found 
that keeping the singlet and octet parameters independent does not lead to improvements in the description 
of experimental data. Actually, in our experience, the best fits are obtained by setting them to be equal. 
The tree-level amplitudes obtained from (jlip can be parameterized as. 



rj- ah rj- 

'nnt — /(s.nntj 



a b 



ah ah 
'h' + 



'(ti,nnt) (j'b' I 



(s,nnt) a.'b' 



1 ^ 



abe 

(s,nnt) ^'f,' 



1 



1 ^ 

^ ab ^ V ^ -J- ahe 

/(u,nnt) a'6' ~ J2 (".nnt) 



1 



U I i (s,nnt)0 a'b' + ^ (s,nnt)l ^'fe. 



be 



U - Mgi + iO 



J-' {^(u. 



abe . ahe / 

nnt)0 a'b' +i («,nnt)l ^^'^>pT 



(12) 



The fiavor index e in the sum runs through the octet (e ~ 1, . . . , 8) and singlet (e — 0) baryon resonances, 
with A/gg the mass of the e*'^ nonet member. The flavor coefficients in (|12p are. 



Fi 



F, 



abe 

(s,nnt) a'b' 
a 68 

(s.nnt) a'b' 



F, 



(s.nnt) 



a 60 



be 



F, 



abS 

(M.nnt) a'h' 



F, 



(li.nnt) 



a 60 



° he 



F, 



r,a) ( 



D.d" 



Fsf 



ha 



.,7 



cos6 (^Dsd^^,^, - ^s/^b'a') - sin9DQeb'a''j (cos 9 {^Dsd'^'g^ + Fsf'^'g^ - sin^Dge 
sine [Dsd\,^, - Fsf\,^,) + cos9Doeb'a') (sine (^Dsd'^ + Fgf^^ + cosBDae 
,d'\, + F,f\)(D,d'^\-F,r''), 



D 

cos 9 l^Dgd' 
sin 6* (Ond 



,68 



Fsf 
Fsf 



e = 1, . . . ,7 , 

- sin^i^get) (cose {Dsd\,^ - Fsf,,^) - sm9Doet, 
+ cos^i^ge^) (sine [Dsd\,^ - i^s/^'g) + cos^i^geg, 



(13) 



The reduced amplitudes „„t)Q and ^jj^-jg in p2p are obtained from those for the decuplet by sub- 
stituting Mc — —Mg^ and k — >■ Kg. 

From (jl2p the partial waves for nonet-exchange amplitudes are seen to take the form, 



1 " 

r ab ^ -p ahe 



1 * ^ 
J. ab r X > ahe ^ 

J(u,nnt}e± a'fc' ~ J2 2^ -^(".nnt) a'b'H^^ 



(14) 



ahe 

nnt)^± a'b' 



e=0 
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In the s-channel case, the partial waves with j = 3/2 take a particularly simple form, 

ab _ 1 / AfAu\ >A abe 1 

/(s,nnt)l+ o'b' - T2 I ^ ) 2^ -^l 



(15) 

2 \ 8 



/(s,nnt)2- a'f,' ~ J2 ^ ^^2^" / 2^ _ 



Mo 



where Af is defined in Q and Am in (jA.sp . Since, as discussed in section |4l only the 1^3/2 partial wave for 
nonet exchange enters our analysis, we omit the explicit expressions of the 51/2 ^-nd P1/2 waves for brevity. 
For the u-channel, the reduced partial waves in (ITil) can be obtained from those for decuplet-exchange, PH)) . 
by means of the substitutions Mc — > —Mg,, and k — >■ Kg in the reduced amplitudes, and the substitution 
Mc — ^ Mgg in the integrals /ij. j, fc_ j given in appendix IBI 

2.4 Partial waves from vector-meson exchange 

We expect vector-meson interactions to play a significant role in the energy range < giab S 600 MeV 
considered in this paper. In tree-level chiral perturbation theory, vector mesons contribute to meson-baryon 
scattering through i-channel exchange. The Lagrangians for pseudoscalar meson-vector meson and ground- 
state baryon-vector meson interactions have been discussed in [T5l|48l|49] and refs. therein. Here we follow 
the notation of [TS]. The coupling constant for the PPV meson vertex is denoted Gy (expressed here in 
MeV), and there are eight leading-order couplings for baryon-vector meson interactions, denoted Rd,f, 
Sd,f, Td^f, Ud,f, !TF with units MeV^'^^'^'^'^^ resp. In the i-channel vector-meson exchange amplitude 
these couplings appear as products GvXd^f, with X = R,S,T,U. The value of Gy ~ 60 MeV can be 
estimated from vector meson decays, or from pseudoscalar- meson electromagnetic form factors [T^. The 
values of the coupling constants in the three-flavor baryon-vector meson Lagrangian are not well established. 
The tree-level t-channel vector-meson exchange contribution to the T matrix can be parameterized as, 

^ ab A\/2Gv \ ^ \ ^ rcb ^ a 1 —ifr^ abc , f; abc , \ 

X=R.,S,T,U c=l t-Mv,+tO V / (Ig) 

X " , ^ ,Xd + f " ,Xf , X = R,S,T,U, 

c a c a ^ •> c a ^ ^ 77; ; 

where A" — IZ^S.TM for X — R^S^ T, [/, resp. We expand the reduced amphtudes in (fT6l) as, 

ahc ^ abc . ^ abc , , ^ abc ,2 , a^c /1 '7\ 

i(X)0 - i (X)O.O ,,'6' +i (X)O.l .j'b'I + i (X)0.2 +i(X)0.3 ^'b'^ ^ > 

and analogously ^ {x)i^^'^ ^' y ■ The coefficients in the r.h.s. of (jl7p arc independent of u and t. Computation 
at tree level yields the non- vanishing coefficients. 



abc 1 abc 



r(i?)0.o'"„'f,'=-2 («+(™a+ma')^) , ^(■«)0-3° 'a'b' = 2 ' a'b' = "^^ + ' 



1 , s ^ n.hc 1 



r(S)0.0 T(™a' -ma) (mfc, -m^) , r(5)o.l ^ --{ma+ma') , r(5) 



1.1 



a b 



r(T)o.o°'"'a'b' ^ T^('^°' ~ ^aY{'ma + ma'){2s + 2ma'ma - rr4 - mi,) 



1 



16 

r(T)o.i°'"'„'b' = 76*-"^°" "^a')(ma - ml, + ml - ml) , (18) 

P abc 1 / \ o-bc 1/2 2\2 ^ abc 1 

r(T)0.2 a'b' = Y^('™'^ +ma') , r(T)1.0 ^'b' = ~8(™''' ~ ' ^(T)1.2 ^'b' = 

'^(U)Q.o°'^'' a'b' = g'^™'^ ~ {^ama'ima - ma') - maihl + ma'fhl,) + ^{ma - ma')'^S , 

^ abc ml + ml, p abc _ ma+ ma' , -2 p abc _ ^-a + TOa' 
I(C/)0.1 a'b'- ^ , i(C/)1.0 a'b'- § (ma-ma'j , i-(C/)l.l a'b'^ § ' 

As above, we need to introduce the linear combinations 

r(x)±.^"''a'b'c = f (x)o.«''Vt'e ± {y.)i .t^ a' b' c ' « = 0, . . . , 3, X = i?, 5, T, [7. (19) 
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The partial waves then have the form, 



-w a ^ abc /r»n\ 

/(vcc)tt a'b' - p 2^ 2^ J b"^ca'J(X)l± a'b'^ l^^^-* 

■' X=R,S,T,U c=l 



with the reduced partial waves of (jl9p given by, omitting flavor indices for simplicity, 

f{x)e+ = H(^x)e - j^K(^x)e , f(x)e~ = -ff(x)£ + jKi^x)i , (21a) 

with 

3 3 3 

Hix)i=MY.f^x)+rhf. - ^T.^ix)-.l^^-\ , K^x)i = -^T.^ix)^.^^-\ ■ (21b) 

1=0 i=Q i=Q 

The parameterization pT)) was chosen so that the integrals k^:f'^ appearing in (j21bp can be obtained 

from those in (|10bp by means of a substitution, as indicated in appendix |B] 

2.5 Partial waves from 0{q'^) contact interactions 

At low energies the meson-baryon contact vertices provide the largest contributions to the scattering ampli- 
tude. We incorporate in our Lagrangian flavor-symmetry breaking 0{q^) corrections to contact interactions. 
The 0{q^) Lagrangian :36 contains fifteen termt|f| out of which only three are flavor-breaking. The cor- 
responding coupling constants are conventionally denoted 6o.d._f [36 . The the tree-level meson-baryon 
scattering amplitude from these contact vertices are. 



Tab 1 a6 / 

(9^) a-b'^-Ji-^(M') a'b'^^ 



r 

+ E Xsibod^\> + h,f\,){d\,/% + d\,/\ + d^/"'^) . 

r.s 

Flavor violations in the 0{q^) meson Lagrangian [34j are described by the matrix x — 2BoA4q, with Aiq 
the quark mass matrix and Bq = ^ {0\qq\0) / f'^ the quark condensate. In the isospin-symmetry limit Aiq = 
diag(m, to, m^) and we can parameterize x a-s, 

X = XoI + . (23) 

This equation defines the parameters xo,8 appearing in (|22p . At 0{q'^) and in the isospin limit the meson [34] 
and baryon [3 6) Lagrangians lead to the relations, 

=Xo + X8d J , 

8a 8a ^^4) 

rria = Maux - 4:bDXsd - -ibFXsf "a ' -^^aux = Mo - 660X0 - 46dxo , 

with A/q on the second line being the common mass of the ground-state baryon octet in the chiral limit. 
These relations will be used below to fix, or estimate, the values of xo,8 and 60, n, -F- 
The amplitudes ((22|l lead to the partial waves, 



r ab 1 */-T7 J. a6 1 ab /'oc\ 

/(9^)0 a'b' - -p-^-^iQ') a'b' ' A?^)!- a'b' " p^-^il') a'b' ' (^^^ 

with J\f defined in Q and Au in appendix [X] All other partial waves vanish. 



'But only seven independent combinations contribute to the meson-baryon scattering amplitude I22| . 
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3 Unitarized partial waves 



Tree-level BChPT is not sufficient by itself to describe three-flavor meson- baryon dynamics in the S — —1 
sector, in which strong coupling effects such as subthreshold resonances render BChPT inapplicable even 
at threshold. We unitarize the tree-level amplitudes with the method of [T5l[16]. A technically detailed 
explanation of the method can be found in those references. We shall limit ourselves here to stating the 
result of the unitarization of tree-level amplitudes. 

Given a set of coupled reaction channels \B°-^AI^^) — > \B"-^M^i), we denote {fe±)ij — fi±"^''\.i^. the 
corresponding tree-level partial-wave matrix. A solution to the unitarity equation for T, resumming the 
right-hand cut in the s-plane, is given by the partial waves {J^e±)ij related to {fe±)ij by the matrix equation, 



Te± ^ {I + fe± ■ GY 



where / is an identity matrix, and G is the diagonal matrix Gij 
"unitarity bubbles" g'^^ are given by. 



.h± , (26) 
— g°''^^6ij (no summation over i, j). The 




1 



2 



2s 

w{s,ml,ml) 



■ los 



log 



f counterterm 

',1 ~ ml - s + w{s, 1711,^111) 
2s 



(27) 



iO 



with w{x, y, z) defined in appendix [Xl The loop function g'^^ was computed in (j27p in dimensional regulariza- 
tion. The subtraction constants a"'', depending on the renormalization scale /i, are taken as free parameters 
in each isospin channel. Variations in ^ can be offset by a redefinition of a""^ [15) . 



4 Results 

In this section we discuss our results for the reactions pK~ — >■ B"^ . Within the range of initial-meson 
momentum < giab ^ 600 MeV considered here the only possible final states are NK, Att, Ett. Following 
[inillSlIinilin] , however, we apply the unitarization method of (TSIIIS] including as intermediate states also 
At;, S?7, Sif. This is justified by the fact that in lowest-order BChPT those states are degenerate. The 
contribution of D waves is obviously important in the region around and above the A(1520) resonance, but 
F waves are negligible for quh < 800 MeV. Thus, we compute physical observables from 6*1/2, P1/2, ^3/2, 
-D3/2 and -D5/2 partial waves obtained from ten-channel unitarization of tree- level partial waves. 

The baryon nonet requires separate consideration. We find that it is not possible, as pointed out in [T5] . 
to fit experimental data if partial waves from nonet-baryon exchange other than are included. This is 
undoubtedly a reflection of nonet resonances being dynamical in nature, or at least possessing a significant 
dynamical component. Unlike |13j . however, we find that by including both the s and u channels we get 
somewhat lower values than by dropping the u-channel contribution. We therefore take into account only 
the 1)3/2 wave in nonet-baryon exchange amplitudes, but retain both s- and u-channel contributions to it. 
As a consequence, the parameter Kg does play a role in our fits. 

The experimental data included in our fits consists of about 2800 points comprising the threshold branch- 
ing fractions 7, Rc and i?„ [SUE^, total [53H59] and differential [MllSB] cross section data for the six open 
reactions channels up to quh < 600 MeV, and the first two Legendre moments of the CM-frame differential 
cross sections and spin asymmetries for pK~ — )■ Stt, Att [55', '57, "35]. In the figures below we display also 
higher-energy cross-section data from those references and from [60ilBT| , and CM-frame spin asymmetry data 
from [54] ■ which were not included in our fits. 

4.1 Fitting procedure and parameters 

For numerical computations we set meson and baryon masses to their physical values ]2A\ . Following |16II20) , 
below we set /i = 630 MeV. The coupling constants for the ground-state baryon and meson octet vertices 
have been computed from semileptonic hyperon decays [62l|63]. We keep them fixed at the values D = 0.80 
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and F = 0.46, which are consistent with [53] and with the tree-level results of The coupling constants 
for the nonet of baryon resonances can be obtained from a flavor SU(3) analysis of their tree-level strong 
decay widths [131164] . Since, however, in our treatment those resonances acquire their widths dynamically 
through the loop corrections involved in unitarization, we take their couplings as free parameters in our fits. 

In order to obtain a picture of the role played by the different interactions described in sect. [21 we present 
below results from three different fits to data. First, we consider scattering amplitudes obtained from the 
ground-state baryon-pseudoscalar meson 0{q^) contact interaction, and from s- and u-channel exchange 
of octet, decuplet and nonet baryons. The best fit obtained with those amplitudes is referred to below as 
"fit III." Second, a different series of fits is obtained by augmenting the previous amplitudes by t-channel 
vector-meson exchange. For these fits we take the coupling-constant products GvXd^p, in the notation of 
sect. 12.41 as free parameters. The best of those fits is denoted "fit 11" below. 

Finally, we report on another series of fits obtained by adding to the amplitudes of fit II the 0{q^) 
flavor-symmetry breaking corrections to baryon-meson contact vertices. The LECs in the 0{q^) amplitudes 
of sect. 12.51 are related to pseudoscalar meson masses and ground-state baryon mass splittings. Fitting the 
expression for meson masses ([24)) to data [2j we obtain 

Xo = (412.04 MeV)2 , xs = -(510.54 MeV)^ . (28) 

We keep xo,8 fixed to these values in our fits, which actually implies no restriction since in the flavor-breaking 
0{q^) contact interactions, couplings always appear in the combinations Xi^j with i = 0, 8, j = 0, D, F . The 
couplings bo D F can then be either treated as free parameters in our partial waves or, alternatively, fixed 
from baryon mass data. Fitting the baryon masses in ()24p to experimental data |24] with Maux, bD,F as 
parameters we get 

Mo - 6xo&o = 1110.61 MeV , fe^^ = 6.51 x 10"^ MeV~\ 6f = -2.17 x IQ-^ McV"^ . (29) 

This equation does not completely fix bo due to the uncertainty in Mq, with —3 x lO^"' < b^ < —2 x lO^'' 
MeV^i for 800 < Mq < 900 MeV. We call "fit I" the best fit obtained by setting bD,F to the values ([^ . 
and taking bo as a free parameter constrained to the range (-3) — (-2) x 10~^ MeV^^. As pointed out in 
however, because unitarization resums an infinite sequence of diagrams, the numerical values for 6o,I3,f we 
obtain in UBChPT need not be the same as those obtained in fixed-order BChPT. Thus, we also performed 
a fit with freely varying bo,D,F, referred to as "fit I'". As discussed below, the numerical values for bo,D,F 
obtained in fit I' are close to those of I, and the plots of fits I and I' are virtually identical. 
A summary of our best-fit parameters is as follows. 

Fit I / = 90.82 MeV, b^ = -3.0 x lO-"* MeV^i, 
Subtraction constants: 

^NK ^ ^Att ^ _2.14, a^"" = -0.63, a'^'' = -1.75, a^'' = -2.14, a"-^ = -1.41 . 

Decuplet and nonet parameters: 

510 = 0.89, K = -0.32, Do = 1.68, = 0.20, Fg = 1.59, Kg = 2.49, 6 = -0.33 . 
Vector-meson couplings: [Rd,f] = 1, [Sd,f] = MeV"\ [TdM MeV^^, [Ud,f] = MeV"^ 

GvRd = 52.76, GvRf = 75.42, GvSd = 0.16, GvSf = 0.036, 
GvTd = 1.23 X 10"^ GvTp = -1.36 x 10"^ GyUo = 1-27 x 10"^ GvUf = 1.37 x 10^'' . 

Fit r / = 91.42 MeV, 
Subtraction constants: 

^NK ^ ^A^ ^ --1.72, a^"" = -0.70, a^"^ = -1.70, a^'' = -2.15, a^^ = -0.78 . 

Decuplet and nonet parameters: 

510 = 0.90, K = -0.31, L»o = 1.65, Dg = -0.03, i^g = 1-89, Kg ^ 2.31, 6 = -0.34 . 
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Vector-meson couplings: [Rd,f] — 1, [Sd,f] = McV ^, [Tjj^p] 

GvRd = 52.87, GyRp — 68.75, GvSd 
GvTd = 9.83 X 10"^ GvTf = -4.96 x 10~^ GyUo 

0{q^) contact interaction couplings: [MeV~^] 

&o = -4.0xl0"^ 6z5 = 1.45 X 10-^ 

Fit II / = 95.97 MeV, 
Subtraction constants: 

^NK ^ ^A^ ^ _3 3j^^ ^s^ ^ -QAl, a^'' = -3.28, a^'' = -2.54, a^^ = -1.15 . 

Decuplet and nonet parameters: 

510 = 0.87, K -0.34, Do = 1-68, = -0.038, = 1.84, Kg = 2.28, 6* = -0.31 . 
Vector-meson couplings: [RdA 1> I'S'n.-F] = MeV"\ [T/j^f] = MeV^^ [[/i3,_f] = MeV"^ 
GvRd ^ 57.90, Gyi?i. = 89.91, GySo = 3.66 x 10"^ GyS'i. = -0.12, 
GyTij = 5.27 X 10"^ GyTi. = -5.0 x 10"^ G^C/d = -1-70 x 10"^ Gyf/f = 1.20 x 10"" . 

Fit III / = 95.81 MeV, 
Subtraction constants: 

^NK ^ gg^ ^Att ^ _2 a^'^ = -0.82, a^" = -3.85, a^^' = -2.56, a"-^ = -1.27 . 
Decuplet and nonet parameters: 

510 = 0.83, K = -0.28, Do = 1.73, ^ 0.20, Fg = 1.74, Kg = 2.30, = -0.17 . 

Some remarks about these parameters are in order. The subtraction constants show less dispersion about 
their "natural" dimensional regularization value -2 |16j in fits I and I' than in fit II, which shows less 
dispersion than III. Most of the parameters are quite stable across fits, with the exception of Dg, 9 and 
GvSd,f which show larger variations. Other determinations of bQ o,F from fits to pK^ data are given 
in |131I22| . with results quite similar to ours. 

The values for the nonet couplings Dq, Dg, fg are similar to those expected from the fiavor symmetry 
analysis of decay widths of [64], as updated in [13]: 1.57, 0.59, 1.27, resp., with Ds showing the largest 
departures. The values for 9 we obtain are in general agreement with the observation that A(1520) is 
predominantly a fiavor singlet. For fits I, I' and II we get 9 ~ —20° to be compared with the value —28° 
adopted in [13'. As remarked above, the nonet parameters reported here differ from those computed in f l3ll64| 
by loop corrections, so numerical equality among them is not expected. 

A direct comparison of our numerical results for vector-meson couplings in three-fiavor UBChPT to 
those of the two-fiavor analysis of pion-nucleon scattering of |15j would not be meaningful. It is nevertheless 
interesting to find out where our results stand relative to those of [T3]. Assuming Gy — 60 MeV, from [TS] 
we find, 

GviRn + Rf) ^ 312 MeV , GviSo + Sp -^{Ud + Up)) ^ 3.3 x 10"^ , 

2 (30) 

6 X 10"^ < Gv{Td + Tf) < 1.8 X 10"^ MeV"^ . 

From our fit I we get Gv{Rd+Rf) = 128.2 MeV, Gv{Td+Tf) = 1-1 x 10"^ MeV'^, which are of the same 
order of magnitude as (pO|. and Gv{Sd + Sf — ^-^{Ud + Uf)) — 2.1 x 10"^ which is an order of magnitude 
smaller than the value in pop . This latter result, however, arises from a numerical cancellation between 
the two terms and is therefore rather fortuitous. Indeed, we could fine-tune the couplings Ud,f in our fit 
so as to lead to a larger value roughly in agreement with (j30l) without appreciably changing the fit results. 
As is easy to check, fit I' leads to the same conclusions. From fit II we get, Gv(Rd + Rf) — 147.8 MeV, 
GviTo + Tf) = 2.7 x 10"^ MeV^^ and Gv{Sd + Sf - ^{Ud + Up)) = 1.7 x lO^i. Whereas in ah our 
type-I fits we find —Tf <^ Td, in our type-II fits we systematically obtain —Tf ^ Td, causing Gv{Td + Tf) 
to be small compared to (pO| . 



= McV"^ [Ud.f] = MeV"^ 

= 0.19, GvSf = 0.022, 

= 1.46 X 10"^ GvUf = 2.00 x 10"" . 

bp = -2.38 X 10"" . 
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4.2 Physics results 

For fit I we get the threshold branching fractions (defined in App. [C]) 7 = 2.35 (2.36± 0.04), Rc = 0.645 
(0.664±0.011), Rn = 0.210 (0.189± 0.015), in good agreement with the experimental values [5T1[^ quoted 
in parentheses. Fits I', II and III lead to essentially the same results. We computed also the scattering 
length ax-p (see App.[C| for the elastic process at threshold, which is not included in our fits. From fit I we 
get ax-p — —1.09 + 0.63i fm, with the other fits showing only variations in the second decimal. This value 
for a^-p is in reasonable agreement with the KEK result 65, 66 , a^-p — (—0.78 ± 0.15 ± 0.03) + i(0A9 ± 
0.25±0.12) fm, but significantly larger than the DEAR one [67 , ax-p = (-0.468±0.09±0.015) + i(0.302± 
0.135 ± 0.036) fm. The issue of the (in)consistency of the DEAR measurement with the previous KEK one 
and with other hadronic data is beyond the scope of this paper; it has been discussed in detail in [22 lf68H7T| 
and references cited there. 

We present our results for cross sections and spin asymmetries in the figures below. For clarity, we omit 
plotting fit I' in the figures, since its curves are almost indistinguishable from fit I. Fig. [1] shows our results 
for total cross sections. Fits I and II give a very good description of data, while fit III is somewhat less 
accurate, especially in the region of the A(1520) peak where it tends to overshoot the data in Stt channels. 
All three fits, and a large number of other fits we have conducted, underestimate the S^tt^ cross section for 
9iab < 350 MeV. We cannot explain this phenomenon, which is also present to different extents in [T3 ll20ll23] . 

We included all data for differential cross sections from [M1I55] up to giab — 600 MeV in our fits, though 
some higher energy data is also shown fig. [2l Given the large number of data points reported in [54l[56] , 
only a representative selection of results is shown in the figure. The overall agreement of fits I and II with 
data is excellent, while fit III provides a less accurate though still reasonably good description. For all three 
fits the agreement with data is better for charged-baryon final states than for neutral ones. As seen in the 
figure, for charged-baryon channels even data with (/lab over 600 MeV is well reproduced by fits I and II. 

In fig. [3] we show our results for Legendre moments of differential cross sections and of CMF spin 
asymmetries normalized to ^0 (see App. [C] for definitions). We omit the moments for processes with 
nucleon final states because very detailed data on differential cross sections for them has already been 
included in our fits. For the processes with hyperon final states shown in the figure we restrict ourselves to 
the first two moments, 2 and -81,2, since higher-order ones have rather small values and large experimental 
errors which make them consistent with zero throughout the energy range. The experimental data on those 
moments are displayed in the figure without modification. Thus, to match the experimentally measured 
quantities, the moments B12 computed with our unitarized amplitudes are multiplied by the final-state 
baryon polarizabilities a reported in [24] . As seen in fig. [3l the data for most processes have small errors in 
the region of the A(1520) resonance, providing a good constraint to fit parameters. The agreement with data 
is globally very good, especially for the charged modes pK~ — E^tt^. Fits I and II accurately reproduce 
the structures in the data around the A(1520) peak. For the moment Bi in pK~ — >■ Att*^ all three fits yield 
positive values at lower energies, with a negative slope, whereas as remarked in [23], both [13l[23] obtain 
negative values for that moment. 

Fig. |4] shows our results for the CMF final-state spin asymmetry. The asymmetry data were not included 
in our fits due to their rather large experimental errors. In that sense, these results are "predictions" of 
the theory. Interestingly, for this observable the three fits show some of the largest differences among them. 
Thus, more precise data on spin asymmetry, polarization or analyzing power could provide some of the most 
discriminating and stringent tests of the theory. As seen in the figure, within experimental errors all three 
fits describe the data very well at all energies. Since these data were not fitted, such agreement is non-trivial. 

Finally, in fig. [S] we display the Stt mass distribution computed from the isoscalar components of the 
amplitudes for A^A' — > Stt and Stt — )■ Stt in S'1/2 wave, and for NK — > Stt in wave. From the S1/2 wave 



we obtain the mass spectrum for the resonance A(1405), dynamically generated by unitarization [101131116120) . 

which is well known to be process dependent. That dependence can in principle be understood from the 
two-pole structure of this resonance [21]. The spectra plotted in the figure are consistent with those of [21] 
(see fig. 4 of that ref. See also, e.g., figs. 9 of [13] and 2 of [10]). Averaging the results from the three fits, we 
obtain a resonance peak at 1409.7 ± 1.5 MeV with a width of 20.2 ± 0.5 MeV for the Stt — >■ Stt channel, and 
a peak at 1414.7 ± 1 MeV with a width of 20 ± 1 MeV for the NK -> Ett channel. Similarly, from the D3/2 
wave we obtain the mass spectrum for A(1520). Again averaging the results from the three fits, we obtain a 
resonance peak at 1518.5 ± 0.5 MeV and a width of 14.1 ± 0.8 MeV, which are in excellent agreement with 
the measured values [J^ if we take into account that three-body decay modes not considered here constitute 
11% of the full experimental width. 
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In summary, an excellent global description of pK" scattering data is obtained with fits I and II, up to 
Qiah ^ 600 MeV, and including threshold observables. Fit III is in very good agreement with data up to 
fflab ^ 350 MeV, but provides a weaker description of data in the region of the A(1520) peak and above. 
Vector-meson interactions play an important role in the theoretical description, leading to a decrease of 
~ 25% in the global of fit II with respect to III, and to an improved description of the data in the 
A(1520) region as can be seen in the figures. Inclusion of 0{q^) flavor-breaking contact interactions leads to 
some additional, though less marked, improvements reflected in a further decrease of ~ 5% in the global . 
Experimental results can be theoretically reproduced only if nonet baryon resonance exchange is restricted 
to the -D3/2 wave, which is strong evidence that those resonances are produced by the coupled- channel 
dynamics or, at least, possess a large dynamical component. Whereas the global agreement with data is 
remarkably good, there are differences in detail between theory and data, especially in reaction channels 
with a neutral final baryon, and in most channels at momenta giab ^ 600. We attribute those differences 
mostly to the contribution of processes with two final mesons, particularly pK~ — > E'^tt'^tt", which are not 
included in our treatment. 

5 Final remarks 

In the previous sections we presented a detailed study of two-body polarized pK^ scattering in the energy 
range from threshold through the A(1520) peak, < giab < 600 MeV, in UBChPT. Our resuhs show 
excellent global agreement with experimental data. This is achieved by taking into account ground-state 
baryon and meson interactions, including flavor-breaking contact interactions of 0{q^), as well as — 3/2+ 
decuplet and 3/2^ nonet exchange in s- and it-channels, and i-channel vector-meson exchange. Notice 
that the latter has not been considered in previous treatments of pK~ scattering in UBChPT. Whereas 
scattering amplitudes involving solely pseudoscalar mesons yield good semiquantitative agreement with data, 
inclusion of vector-meson exchange diagrams leads to an improved quantitative description. Further small 
improvements are also obtained from the flavor-breaking contact interactions. The flve partial waves 5*1/2, 
Pi/2i ^3/2 J -D3/2, -D5/2 were taken into account in all amplitudes, with the exception of baryon nonet exchange 
ones. The fact that it is necessary to exclude all waves but of nonet-mediated diagrams originates most 
certainly in the large dynamical component of = 3/2^ resonances reported in the literature. 

From the theoretical point of view, we report explicit expressions for partial waves for s- and w-channel 
baryon, and for t-channel vector-meson, exchange diagrams not given in the previous literature. From a 
phenomenological point of view, an improvement with respect to previous global analyses of pK~ low- 
energy data is our inclusion of differential cross-section data in the region of the A(1520) resonance and 
above. Our fits describe the data remarkably well, including measured threshold parameters, total and 
differential cross-section data, and spin asymmetries. A noteworthy example is the description of the CMF 
spin asymmetry (in the form of Legendre moments, see fig. [3]) around the A(1520) peak, which also shows 
the important role played by vector meson interactions. Very good agreement is also obtained with the spin 
asymmetry data shown in fig. HI although those data were not included in the fit. As seen in figs. [3]and[4l 
spin observables are quite discriminating among different fits. More precise spin-asymmetry data would be 
theoretically most desirable and challenging. For the fitted couplings and, especially, subtractions constants 
we obtain more natural values than in our previous lower-energy treatment [23] . A further improvement 
in the analysis, and an extension in its energy range, should be made possible by the addition of further 
reaction channels to the unitarization procedure, particularly three-body processes. Work along those lines 
is currently in progress. 
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A Kinematics 



In this appendix we gather some kinematical definitions used throughout the paper. We introduce the 
notation 

uj{x,y,z) = {x^ + + ~ 2xy - 2xz ~ 2yz)i = {x ~ {y^ + y/^f)^x ~ {y/lj ~ y/If)^ . (A.l) 

The function uj appears frequently in relativistic kinematics {e.g., in the center of mass frame \p\ = 
uj{s,ml,ml)/{2y/s)). The Mandelstam invariants for the process IB^ip, a)M''{q)) — > (p', cr')M^' (g')) 
are 

s^ip + qf^ip' + qr, t={p-p'f = {q-q'f , u = [p - q'f = {p' - q)\ (A.2) 
with s + t + u = + rn^, + + fn^, . The physical region for the process is defined by the inequalities 

Sth < s , t„,i„ < t < i„„, , M,„i„ <u< , (A.3) 



where, 



Sth = max {(TOa + "T-fc)^, {rria' + mfc/)^} 

, / 2 : 2,~2,~2\,/2 ~2\/ 2 ~2 n\ 

± ^w(s,TO2^TOg)a;(s,m^,,m2 (A.4) 

1 / 2 / 2 I 2 I ~2 I ~2 \ / 2 ~2\/ 2 ~2 n\ 
" ~2i V ~ ^^^^ ~ ~ ™fc)('^a' - ™6') J 

We introduce also the following useful notations, 

As is easy to check, s + (t) + (u) = rn^ + m^, + ml + ml, and, in the CMF, 

u = (u) — xAu , t = (t) + xAt , X = p ■ p . (A. 6) 

In the laboratory frame we have, in terms of Mandelstam invariants, 

Qth = 7r—{s-ml-ml), Quh ^ tt— i^l + "^l - u) , p{"h^7r—iml + ml,-t), (A.7a) 
2ma 2ma 2ma 

therefore, 

giab = Igiabl = ^^w(s,m2,mg), = _i_tj(u,m^,mg,), \p[^^\ ^ -L-uj{t,ml,ml,). (A.7b) 

B Partial-wave integrals 

The integrals of Legendre polynomials Pi{x), and their derivatives, involved in the expression of partial 
waves in (fTO|) and ([21]) are listed in this appendix. For decuplet baryons Mc denotes the mass of the C*^ 
member of the decuplet, C = 1, . . . , 10. We denote also, 

= , (B.l) 

with (m), Au defined in appendix [Xj In what follows, Qi(z) denotes the Legendre function of the second 
kind [72], analytic on the z plane cut along — l<z<lfor£a nonnegative integer. When analytic 
continuation is necessary (e.g., if — 1 < zc < 1 in the expressions below) the mass Mc should be understood 
as Mc — iO. The invariants u and t are given as functions of a; = cos 0cm in (|A.6p . 

h% ^ jjx - ^Q.(-c) (B.2) 



16 



"■+.1 



= dx 



+ .2 
+ .3 



dx 



u- 



u- 



P,{x) = {-If 



Au 



■Qe{zc) ~ (2(m> + zcAu)5eQ —6n 



dx — 

-1 u 
1 

= / dx — 



i-iY 



= dx 



u-Ml 

xu 

u - 



Pt{x) 



Au 



-{zcQe{zc) - Sto) 



(u) 



Au 



Pi{x) = (-1)' i Uc + Qfizc) - [zc + )r^]Sm~ -5t 



Au 



h'^'^K = I dx 



u - 



Pe{x) = i-lY I ^ {{u) + zcAuf Q,{zc) 
' Au 



~ U{u) + zcAuf + Jam^ j - ^(2(u) + zcAu)5n - ^Aufe 



dx ■ 



xt 



n> n — 



-1 
1 



u - M\ 
1 - a;2 



^P.(.x) ^ (-1)-^ [zc [zc - Q.izc) - [zc - £) 



dx s- 

1 u- 



P'.ix) = 



Au 2e+i 



iQi+iizc) - Qe-i{zc)) 



dx 



u - 



PK^) = (-1) 



^+1^(^ + 1) 



-1 

dx ^ A^Peix) = (-1) 



2i+l 

+ r 1 



+ -r— (Q«+i(2:c) - Qf-iC^c)) + Si 
Au ' 



-1 



2£+l \ Au 



— ((m) + zcAu)^(g£+i(2;c) - Qe-i{zc)) 



Au ^ /„, X A N c A-u 
— dm + (2(u) + zcAujdn + —^n 



dx 



(1 - x^)t 



p;(x) = (-1) 



^+1^(^ + 1) 



-zc + ^] {Qt+i[zc) ~ Qi-i{zc)) - 5ti 
Au 



For the vector-meson exchange partial waves in (j2ip we define 

_ Mvl - {t) 



At 



c= 1, 



Then, the integrals in (j21bp can be obtained from the ones above with the substitutions. 



'-±.1 



Notice that Qei-z) = {-lY+'^Qi{z). 



AM->-At 

zc->-yc 



Ati->--At 
zc->--!/c 



(B.3) 
(B.4) 
(B.5) 
(B.6) 
(B.7) 

(B.8) 
(B.9) 
(B.IO) 
(B.ll) 

(B.12) 
(B.13) 

(B.14) 
(B.15) 



C Physics observables 

In this appendix we summarize the expressions in terms of partial waves of the physics observables considered 
in sect.m The amplitude for the process \B°'{p,(T)M^{q)) — > \B"- {p',a')M^ (q')) is parameterized as, 



T''\,,,^{B,>{p\a')M,,{q')\T\B^p,a)M\q))^u'(ro'\,^,+Tr,,,,Mu 



ah 



(C.l) 



The associated partial- wave expansion is given in ([2])- Below, we omit flavor indices for simplicity. The total 
and differential cross sections are given in terms of partial waves by. 



2 ~2 \ °° 



{he) w(s, m^, , m^, 
327rs u>{s,m[ 



(C.2) 
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da (hc)'^ uj{s,m'^,,ml,) 



£=0 



(C.3) 



with the function lo defined in (|A.1[) and x -pm the CMF. 

If we denote V' the polarization of the final baryon in the CMF, the CMF spin asymmetry is given 

by m. 

da , _ (hcf uj{s,ml,,'ml) 



dil GAtt^s a;(s, m^, m^) 



.Im(rSri)(-zTr(^^^/ /75)) 



(C.4) 



(s,m2,,rn2)Vl-x2Im(r*ri) , 



647r2s3/2 

where on the second line we set s'^ = (0, s') with s' = (p Ap')/|pAp'|, since we are interested in polarization 
orthogonal to the reaction plane, and used the definition of CM frame. Expanding in partial waves up to 
£ — 2 we obtain, 

A' = (^^)'^(^."^a-,g) yY3^|i^^ _ ^ ((^* _ /rj(3/2+ + 2/2-)) P2(.t) 

327r^s a;(s, m^, m^) i. \ ^ / v t / 

+ Im ((/2V - /*_)/o) P^{x) + Im ((/*+ - /2*_)(2A+ + /i_)) P^(a;)Pi(a;) + 3Im (/r+/i-) Pi (a:) ^^'^^ 
+ 5Im(/*+/2_)P^(a;)P2(a;)} • 
The Legendre moments of the differential cross section and spin asymmetry are defined as |55ll57j . 



da 



dfl 



da ^ 

'dh' 



(C.7) 



= v/l-x2^P„P^(x) . (C.6) 

n— n— 1 

The moments A^i, Bn can be expressed in terms of partial waves. For notational convenience we define, 

ao ^ l/oP + \\2h+ + h-f + i|3/2+ + 2/2-1^ + ^1/1+ - h-f + ^1/2+ - f2-f . 
3 5 3 5 

We thus have the partial-wave expansions, up to D wave, 

a [hcf u{s,ml,,ml) 

^'^ ~ 1~ ~ "5^^ 7 2 ~2\^o ' 

47r 327rs uj[s,ra'^,ra^) 

ao^ = 2Re (/o(2/r+ + /r_)) + ^Re ((2/i+ + /i-)(3/2V + 2/2*_)) 

+ ^Re((/i+-/i_)(/2V-/2*_)), 
ao^ = 2Re (/o(3/2V + 2/2*^)) + ^ |2A+ + A^j^ + ^ |3A+ + 2A-|' - \ IA+ - A- 1 

+ -j 1/2+ - A-l^ , 

aofi = 2Im ((AV - A*-)/o) - |lni ((A*+ " /r-)(3/2+ + 2/2-)) 

+ ^Im((A%-A-)(2A+ + A-)) , 
ao^ = 2Im (AV/1-) + 2Im ((AV - A-)/o) + (/2+/2- ' 



(C.8) 



The threshold branching fractions are defined as [5T1I52] . 



7 



fpif-->E+T 



Pc 



^pK — ^-charged 



thr 



thr O'pA'-^all 

Finally, with our normalization the scattering length is expressed as, 

he 1 



^pK~ ^sXV neutral 



(C.9) 



thr 



1 (f^5 \ 

pl + mK-/mp V ^^/thr ' 



(C.IO) 



with (/o'^^5)thr the S wave for elastic pK scattering evaluated at threshold. Thus, (cr)thr = 47r|apj(--| 
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giab [McV] quh [MoV] 



Figure 1: Total cross sections for pK^ scattering. Solid lines: fit 1, which includes all amplitudes described 
in sect. [2] Dashed lines: fit 11, which includes only O(g^) amplitudes. Dotted lines: fit III, which includes 
0{q^) amplitudes except vector-meson exchange ones. Data from [53U61) . 
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P K — > p K qiab =265 



pK-^pK- qiab=34^ 




p K — » p K qiab =436j/- 




p K ^ p K qiab =455 




pK-^pK- qiab=495 




pK--^pK- qiab=534 



I 




p K — > p K qiab=6I7^ 

I] 




pK^^pK" qiab=677 








P^K-^hk" qiab=265 



K-^nK qiab=345 



K-— >nK qiab=405 1 




K-^nK qiab=436 




K-^nK qiab=475 



K-^nK qiab=514 



K-^nK qiab=573 



0.4 




K-^nK qiab=617 



K^^nK qiab=677 



0.4 
0.2 



0.4 
0.2 




K"— >Z+ff- qiab=43(i 




pK-^Z+ff- qiab=475 



pK-^Z+ff- qiab=514 



pK---»Z+7r- qiab=554 

II 



pK-^Z+ff- qiab=617 



pK"^Z+ff" qiab=658 




pK-^E";r'' qiab=475 





-1 -0.5 0.5 1 -1 -0.5 0.5 1 -1 -0.5 0.5 1 

COS 9cM COS 9cM COS dcM 

Figure 2: Differential cross sections for pK~ scattering. Solid, dashed and dotted lines as in fig. [TJ Only a 
representative sample of data from [54j[56] is shown. 
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Figure 3: Legendre moments of differential cross sections and spin asymmetries for pK scattering. Solid, 
dashed and dotted lines as in fig. [TJ Data from t55ji57ji58j . 
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Figure 4: Center-of-mass frame spin asyrametry for pK scattering. Solid, dashed and dotted lines as in 
fig.IIl Data from [54]. 
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Figure 5: Stt mass spectrum for isosinglet partial waves, in arbitrary units. Left panel: S1/2 wave, Stt — Ett 
(gray lines) and NK — >• Ett (black lines). Right panel: -D3/2 wave, NK — )• Ett. Solid, dashed and dotted 
lines as in fig. [TJ 
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